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Doney: New Dimension for Cash Flow Analysis

Discounted cash flow analysis as the basis for man
agement decisions has one serious
as currently
practiced, according to this article. It does not ac
count for the all-important ‘second dimension’—the
effect of varying levels of activity on the consequences
of each decision.

A NEW DIMENSION
FOR CASH FLOW ANALYSIS
by Lloyd D. Doney
Marquette University

years business man
agers, managerial accountants,
industrial engineers have
increasing attention to the analysis
of cash flows as a basis for manage
ment decisions that
and involve select
ing a best course of action from
two or more available alternatives.
Cash flow analysis essentially con
sists of comparison of the projected
cash inflows and/or the cash out
flows associated with each of the
available alternatives. In elemen
tary versions of cash flow analysis,
interest cost is disregarded
de
n recent

I

decisions. In the typical cash flow
analysis the projected level of op
erations is held at some constant
amount. This single amount, taken
as the level of future operations,
not only assumes a crucial role in
the determination of the projected
cash flows to be associated with
each of the alternatives but also
imposes
unrealistic and severe
limitation upon the eventual out
come of the analysis.
In the usual cash flow or dis
counted cash flow analysis a single
estimate of the future level of op
13
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termining the inflows
outflows.
More sophisticated—and more ap
propriate-cash flow analyses take
an interest cost into consideration
through adjustment of the pro
jected cash inflows and/or the
cash outflows by an appropriate in
terest discount factor.1
Whether the cash flow analysis
is of the elementary or of the more
sophisticated variety, however, the
usual cash flow analysis may be
regarded as having a single dimen
sion, which severely limits its use
fulness as a guide to management

given

1

erations is Management
introduced into
the de
of the Systems,
uncertainty;
and
environment.
also2 introduces a
Services:
A Magazine of Planning,
and Controls,
Vol.
4 [1967], No.It3, Art.
cision analysis as a basis
deter
(3) where possible, revising prob
more realistic way of including the
mining the relevant projected cash
abilities in accordance with the re
projected level of operations
the
flows for each of the alternatives.
sults of a sample. This paper is
decision process and gives further
It is a prerequisite of the usual
limited to the illustration of items
insight into those factors whose in
cash flow analysis that the pro
1 and 2 since the opportunity to
terrelationships are crucial in the
jected level of operations be firmly
sample is not available in the deci
decision situation at hand.
fixed before the determination
sion situation under consideration.
the cash flows can be undertaken.
This additional decision dimen
Illustrative decision problem
This requirement enables the de
sion is appropriate in most decision
cision maker to give his full atten
deliberations because of the un
To provide
example of a de
tion to the differences in the cash
certainty that typically surrounds
cision situation
which the es
flows for each of the alternatives,
sentials of what has been outlined
the estimation of future activity
removed from the complications
above may be examined with pre
for the firm. The added
cision, the following set of circum
that
from possible variation
dimension
by the Bayesian
the level of activity.
stances is given as illustrative of a
extension of the decision delibera
However, a new analytical tool,
variety of decision situations where
tions overcomes the requirement of
Bayesian analysis, can be incor
the methods described herein are
the one-dimensional analysis that
porated into the decision analysis
appropriate:
some single level of activity be set
to bring to the decision maker’s de
for purposes of further analysis.
The Major Corporation mass
liberations a second dimension in
This extension also serves to give
produces a certain product using a
the form of a distribution, or
added insight into the variables
specialized machine. At present the
spread, of projected activity levels.
that are crucial in the decision
production manager is confronted
In essence, Bayesian analysis re
process.
with a need to replace one of these
fers to a set of techniques that
specialized machines, which is no
It is the purpose
this article
enables a decision maker to cope
longer capable of meeting produc
to examine approaches to deci
systematically with uncertainty in
sions, using initially what
be
tion requirements. After certain
business decisions. Included are
preliminary investigations, the man
regarded as a one-dimensional cash
(1) attaching weights or probabil
ager is faced with a choice between
flow analysis and then employing a
Machine A and Machine B, either
ities to a set of possible but uncer
Bayesian extension of the initial
in (2) synthesizing these
of which will afford the
op
tain events;
analysis to examine the same set of
erating characteristics and capabili
weights or probabilities with rele
decision circumstances. This exten
ties.2
vant cash flows to yield a single
sion enables the decision maker to
figure which serves as a measure of
provide for the uncertainty that is
Each of the machines has an es
the consequences of a
action
typically present in the decision
timated life of five
but Ma

Bayesian analysis, fed into the decision analysis, brings a second dimen
sion in the form of a distribution or spread of projected activity levels.
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as New
shown
in Exhibit
3 on Flow
pageAnalysis
17.
chine A has a substantially lowerDoney:
Dimension
for Cash
Even when the interest cost is
initial cost of $4,000, compared to
taken into consideration, the deci
Machine B's initial cost of $10,000.
sion analysis is still in favor
Ma
However, an analysis of the oper
chine B; the discounted cash flows
ating costs associated with each
associated with Machine B exceed
the machines reveals that the oper
ating cost per unit of product pro
the discounted cash flows associ
ated with Machine A by $4,530.
duced using Machine A is $1.00,
The
analysis, which in
whereas the per unit operating
cludes the impact of a desired
cost of Machine B is $.50. The
product produced by the special
of interest, is more appropriate
than the
one in
cases.
ized machine sells for $2.00 per
Both, however, have one serious
unit, and there is no anticipated
deficiency, the fact that the entire
change in the selling price. Cur
analysis is based upon an estimate
rent estimates of demand require
that 25,000 units must be produced
ments indicate that 5,000 units will
over the next five
order to
have to be produced during each
meet a demand for 25,000 units.
of the next five years.3
This one-dimensional estimation of
For convenience in reference, the
future events is the most serious
relevant amounts associated with
shortcoming of most methods of
each of the alternatives are sum
cash flow analysis. It is an as
marized
Exhibit 1 on page 17.
pect of the decision process that
can be more realistically treated
One-dimensional analysis
through Bayesian
In what has been the typical or
To illustrate, use discounted cash
the traditional approach to a deci
flow procedures identical to those
presented
the second analysis,
sion problem of
kind, the ex
amination of the relevant cash
but reduce the number of units to
be produced over the next five
flows as they relate to the replace
years to 10,000. This analysis,
ment decision may be presented as
shown in Exhibit 4 on page 17, in
shown in Exhibit 2 on page 17.
dicates that under these circum
This analysis is of the
sim
stances a decision to purchase Ma
plified variety; there is no recog
chine A rather than Machine
nition given to interest cost in the
would be the
appropriate de
determination of the cash flows. Its
cision.
outcome suggests that the manager
It is apparent that the level
should acquire Machine B since
activity, which is typically held at
the net cash flows expected from
some constant amount in the tradi
Machine B would exceed those
tional analysis of decisions of this
Machine A by $6,500.
removed
A
sophisticated,
a more
, is a crucial
decisions.
item in the deci

appropriate, one-dimensional anal
sion process. At the same time, it is
ysis, giving appropriate considera
reasonable to expect that, since the
tion to a desired or predetermined
determination of the level of ac
rate of interest by means of cash
tivity involves the setting of a
flow discounting, would be detailed
single certain amount, the eventual
results can seldom be expected to
coincide exactly with the projec
LLOYD
DONEY is as
tion.
sociate professor of in
In most instances the eventual
dustrial management at
Marquette University in
results would probably not be so
Milwaukee.
He
is
a
far
from the projection as
member of the National
the 15,000-unit error indicated in
Association of Account
ants, the American Ac
the example just presented. In many
counting Association, and
cases, however, errors of substan
the American Statistical
Society. Dr. Doney holds M.B.A. and Ph.D.
tially lesser magnitude may lead to
degrees from Louisiana State University. He
erroneous
The outcomes
has contributed articles to The Accounting
are dependent not only upon the
Review.
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In essence, Bayesian analysis
refers to a set of techniques
that enables a decision

maker to cope systematically
with uncertainty in business
situations. Included are

(1) attaching weights or
probabilities to a set of

possible but uncertain
events; (2) synthesizing

these weights or probabili

ties with relevant cash flows

to yield a single figure which
serves as a measure of the
consequences of a given

action; and (3) where


possible, revising prob

abilities in accordance with

the results of a sample.
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Analysis of this sort may be accomplished for any possible level of activity .. .
relevant cash flows associated with
each of the alternatives but also
upon the level of activity assumed
in the calculation of these cash
flows.

Two-dimensional analysis
While the uncertainty surround
ing the future may never be en
tirely overcome, the Bayesian ex
tension of the one-dimensional ap
proach does enable the decision
maker to give appropriate atten
tion to the likelihood of variation
from his estimate of the activity
amount incorporated into the anal
ysis. The Bayesian extension of the
one-dimensional analysis using dis
counted cash flows will now be ex
amined, using the same decision
circumstances previously examined.
An initial requirement of the ex
tended analysis is that the decision
of
 pos
maker frame his view of the
sible
of activity in terms of
a. distribution, or spread. In the
problem at hand, the manager may,
for example, feel that there is a
possibility that the number of units
required may be 10,000, 15,000, or
25,000 units.4 Having come to this
conclusion, the manager would,
next, have to attach weights to
each
these possibilities in ac
cordance with his personal judg

ment regarding the probability
occurrence of each level.5
Accordingly, the decision maker
may feel a requirement for 15,000
units is the most probable and that
a requirement for either 10,000 or
25,000 units, while each is less
probable than for 15,000 units, is
equally likely. These feelings and
attitudes, based in part upon anal
yses of the past and in part upon
the manager’s best appraisal of
what lies in the future, may then
be represented in terms of possi
bilities
weights as follows:
Requirements (units)

Weights

10,000

.2

15,000

.6

25,000

.2

This additional information,
the form of a distribution or spread
of possible activity levels, may now
be combined with the usual dis
counted cash flow analysis to pro
vide
extension of the decision
process that accords appropriate
attention to the uncertainty sur
rounding the estimate of the ac
tivity level and yields additional
insight into those factors upon
which the results eventually rea
lized are dependent.
The discounted cash flows asso
ciated with activity levels of 10,000
units and 25,000 units have already

been presented. A similar calcula
tion may be made for the 15,000unit level of activity, resulting in a
series of one-dimensional views of
the results at each of the possible
levels, shown in Exhibit 5 on page
18.
Based on
tabulation,
are
able to
that if the requirement
is for 10,000 units, it would be ap
propriate to select Machine A; if
the requirement is for either 15,000
o 25,000, the appropriate decision
would be to select Machine
Analysis of
sort
be ac
complished for
possible level
of activity to make the decision
maker aware of the changing cir
cumstances of the decision at the
various levels of activity.
This technique is analogous to
that used
the breakeven chart,
wherein the profit or loss circum
stances may be examined for a
wide range of activities. Like
breakeven analysis, this analysis
demonstrates to the manager that
the results are a function of the
level of activity
that varying
of activity yield varying re
lated results. In breakeven analysis,
the tool is of little use in making
immediate decision unless the
manager is willing
able to
specify whether the level of oper
ations is likely to be at a point that

The manager may feel, for example, there is a possibility the number of units of
output required may be any one of three different figures. He would then have to
attach weights to each of these possibilities in accordance with his best judgment.
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... to make the decision maker aware of the changing circumstances of the decision.
is below, at, or above the break
even point. It remains to illustrate
how the possibility of occurrence
of each of the three levels of ac
tivity specified in
example
be blended with the weights at
tached to each occurrence by the
manager to yield a single, compre
hensive result, giving appropriate
attention to the uncertainty that
surrounds
the forecast of the level
i
of activity.
Given the summarization of the
cash flows and the weights indi
cated for each of the probable re
quirement levels indicated earlier,
the two may now be combined in
the decision matrix shown
Ex
hibit 6 on page 18.
The final step in the analysis is
to compute a weighted average
(which we may refer to as the ex
pected net discounted cash flow)
by multiplying the discounted cash
flows for each of the alternatives
by the respective weights associ
ated with the possible levels of ac
tivity
then to sum the prod
ucts.
These calculations result in the
conclusions shown in Exhibit 7 on
page 18.
The above calculations, taking
into consideration the possible vari
ation in requirements
to the
uncertainty surrounding demand
for the product, would indicate a
decision in favor of Machine B
since the expected net discounted
cash flow associated with Machine
B exceeds that of Machine A by
$739.20.

Conclusion
This article has illustrated both
a one-dimensional analysis, which
fixes the level of some activity fac
tor for
of the analysis,
and
extended two-dimensional
analysis, which allows the activity
factor to vary in the face of un
certainty accordance with the de
cision maker’s best appraisal of the
circumstances of the uncertainty.
May-June, 1967
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COMPARISON OF ALTERNATIVE INVESTMENTS

Estimated Life

Machine A

Machine B

5 years
$10,000
$.50 per unit

Inital Cost

5 years
$4,000

Operating Costs

$1.00 per unit

Selling Price

$2.00 per unit

Estimated Requirements

5,000 units per year for each of

the next five years.

EXHIBIT I

TRADITIONAL CASH FLOW ANALYSIS

Machine A

Machine B

$50,000

$50,000

Cash Inflows:
Revenues (5 X 5,000 X $2.00)
Cash Outflows:

Initial Cost

( 10,000)

4,000)

Operating Costs:
(5 X 5,000 X $1.00)

( 25,000)

(5 X 5,000 X $ .50)

( 12,500)

$27,500

$21,000

Net Cash Flow

EXHIBIT 2

DISCOUNTED CASH FLOW ANALYSIS
Machine A

Machine B

$42,120

$42,120

Discounted Cash Inflows:

Revenues (5,000 X $2.00 X 4.212)*
Discounted Cash Outflows:

Initial Cost

(

Operating Costs:
(5,000 X $1.00 X 4.212)

( 21,060)

4,000)

(5,000 X $ .50 X 4.212)

Net Discounted Cash

( 10,000)

( 10,530)

Flows

$17,060

$21,590

* 4.212 is the factor for the present value
of an ordinary annuity at 6 per cent for
5 periods.
EXHIBIT 3

LOWER ACTIVITY LEVEL

DISCOUNTED CASH FLOW ANALYSIS AT A

Machine A

Machine B

$16,848

$16,848

Discounted Cash Inflows:
Revenues (2,000 X $2.00 X 4.212)
Discounted Cash Outflows:

Initial Cost

(

Operating Costs:
(2,000 X $1.00 X 4.212)

4,000)

( 10,000)

8,424)

(2,000 X $ .50 X 4.212)

(

Net Discounted Cash Flows

$ 4,424

4,212)

$ 2,636

EXHIBIT 4
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CASHand
FLOW
AT THREEVol.
ACTIVITY
LEVELS
Activity Level (Units)

Net Discounted Cash Flows

Machine A

Machine B

10,000

$ 4,424

$ 2,636

15,000
25,000

8,636

8,954
21,590

17,060

EXHIBIT 5

DECISION MATRIX

Activity Level

Weight

Machine A

Machine B

$ 2,636

10,000

.2

$ 4,424

15,000

.6

8,636

8,954

25,000

.2

17,060

21,590

EXHIBIT 6

In the sense that it provides
a realistic method of

dealing with uncertainties

surrounding every
BAYESIAN CASH FLOW ANALYSIS

projection, the Bayesian

Machine A

extension may be considered

to have added a new

(.2 X $ 4,424)

$

(.6 X $ 8,636)

$5,181.60

(.2 X $17,060)

$3,412.00

Machine B

884.80

dimension to decision

(.2 X $ 2,636)

$

(.6 X $ 8,954)

making.

(.2 X $21,590)

$ 5,372.40
$ 4,318.00
$9/478.40

527.20

$10,217.60

EXHIBIT

While the illustrative decision
problem is, to a large extent, over
has it does

fied
unrealistic,
this
reveal the essentials of the decision
process under traditional cash flow
analysis and the extension of this
analysis through Bayesian proce
dures. Many complications have
been purposely avoided because
they would tend only to make the
determination of the appropriate
cash flows to be ascribed to each
of the alternatives more difficult.
Similarly, the number of possible
levels of activity has been pur
posely restricted to avoid needless
18
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complication of the presentation.
kind.
and
In no sense, however,
the basic
 avoided
approach to the decision
essentials. The approach to deci
sion outlined here is capable of
accommodating any complication
that has been dealt with in the
usual approaches to decisions of

The major advantage of the Bay
esian extension of the one-dimen
sional approach to decisions is its
ability to incorporate into the de
cision making a realistic method of
coping with the uncertainty that
surrounds every projection of a fuManagement Services
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ture level of activity. In this sense,
Doney: New Dimension for Cash Flow Analysis
the Bayesian extension may be con
sidered to have added a new
dimension to the decision making
process.
The Bayesian extension seems to
have inherent advantages over the
one-dimensional approach wherein
the level of activity is held con
stant. The probability that its
popularity will grow is supported
by the great interest that man
agerial accountants and managers
have shown in breakeven analysis,
which is especially useful in dis
playing the vital role of the level
of activity in decisions of the kind
illustrated.
The Bayesian extension, how
while incorporating the ap
peal of breakeven charts in the
enumeration of the net discounted
cash flows over a range of activity,
the analysis a step further.
The extension enables the manager
The Bayesian extension enables the manager to synthesize
revenues
to synthesize the revenues and
and costs at various levels of activity into a single decision figure.
costs at various levels of activity,
as displayed on the breakeven
chart, into a single decision figure
cash flow analysis, whether purely
his breakeven chart. Managers,
that
into account the uncer
cash flow or discounted cash flow;
managerial accountants, industrial
tainty surrounding the level of fu
(2) adds the factor of activity
engineers, and
others who are
ture operations.
levels, which is the heart of break
involved in the vital function of
In summary, the Bayesian exten
decision making in business should
analysis; and (3) guides the
decision
maker
to
the
best
decision
sion of decision making, which
give some of their attention to the
without causing him to abandon
developing tool of Bayesian anal
adds a new dimension to decisions,
ysis.
(1) preserves all of the appeal of
but one of the activity
on

1 The methodology of cash flow analysis
is well documented in the literature of
accounting. A comprehensive treatment
of discounted cash flow analysis may be
found in Principles of Engineering Econ
omy by Eugene L. Grant and W. Grant
Ireson, Fourth Edition, Ronald Press
Company, New York, 1960. The use of
discounted cash flow procedures in the
computation of payback period is demon
strated in “The Discounted Payback Pe
riod” by Alfred Rappaport, Management
Services, July-August, 1965, pp. 30-36.
2 In all instances, the decision analysis
under consideration may be easily ex
tended to include each of the alterna
tives that is feasible under the circum
stances. An extension of this kind merely
requires additional cash flow analysis for
each of the additional alternatives. The
basic concept, however, is best illus
trated in the simple two-alternative in
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stance, and such an example is used in
this article.
3 In order to emphasize the uncertainty
element in the approach to decisions,
this problem is
up to avoid unneces
sary complications in the determination
of the discounted cash flows. Such com
plications as unequal lives, salvage values,
cost of maintenance, and the impact of
income taxes would all necessitate a
greater effort in the determination of the
relevant cash flows. Appropriate treat
ment of these and other refinements may
be found in Principles of Engineering
Economy, previously cited. Inclusion of
these factors in the
the determination of the
cash flows associated with each of the
alternatives would not alter the general
approach to decisions under uncertainty,
which is the primary objective of this
investigation.
4 Again, there is a purposeful limitation

of the number of possibilities considered
in order that prime attention may be
given to the decision technique, uncom
plicated by bulk of possibilities. Realis
tically, there may be many possible levels
of activity covering a wide range. The
inclusion of many items, however, would
serve only to expand the computations
without furthering the development of
the essentials of the decision process.
5 At this point and in much of what fol
lows only the essentials of the Bayesian
approach are indicated. For a compre
discussion of the structuring of
a problem in the Bayesian format, see
Probability and
for Business
Decisions by Robert Schlaifer, McGrawHill Book Company, Inc., New York,
1959, or Introduction to Statistics for
Business Decisions by Robert Schlaifer,
McGraw-Hill Book
Inc., New
York, 1961.
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